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1- INTRODUCTION 


t £ 



11 Purple 

This document will define the [design and reliability requirements for the Reciprocating 
Compressor Module (RCPM) J, This is a new product which will be used by Carlyle 
Compressor for 06D and 06E* reciprocating compressors. 



1* Scope .J; 

The objective of this effort istjo provide a reliable and cost effective control which will 
provide broadband protectionjrfor reciprocating compressors. The module is intended to 
protect the compressor underf most circumstances as well as provide prognostic and 
diagnostic Information. This will minimize down time, reduce warranty costs, and allow for 
faster diagnonis of failed compressors. 

There are 3 generic failure types for reciprocating compressors. 
- Manufacturer Defect t 



Customer misapplication 
Aging compressor 



T 



The RCPM will be able to detect improper operating conditions and detect impending 
failure in most cases. Faults will be managed by immediate shutdown, adjusted operation, 
or scheduled maintenance. In the case of shutdown, diagnostic information can be 
retrieved from the RCPM to ^ssist in warranty and reliability evaluation. 



The RCPM will be mounted on or near the compressor. 
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oral Deacriptipn 



The HCPM will consist of 



a Display and Circuit Board integrated into a painted metal control 
box which can be mountel on the compressor. TNI cover will contain the display and will 
allow the user access tdtfie circuit board. There will be standard sized knockout holes in 
the side and bottom of the box to allow cable entry. 



■::k 



6.5 




RECIPROCATING COMPRESSOR PROTECTION 
FAUDr INPUT SETUP 



Hinh Prfi<v.uf<P 
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OH Pressure 
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Uf\ Oil 
1 Commnnirjill , 



Hinh pnw.ijro 
I nvu Prawufrt 

Part Lo."jrt(i 

IJnlonr. 1 
Unln«r1 :> 



Select Uo Dowrv 





RCPM 
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2.5"x2"x 3" 



FacWrysensor Wtrrng [Factory Power Wiring Field Wiring 
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1.4. Functional Block Diagram 



I: 
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Protection Algorithms 



i 



The primary purpose of the- HCPM is compressor protection which has two forms: 
immediate and prognostic. Immediate protection will sense a failure that is occuring or 
impending and shut down th^ compressor immediately. Prognostic protection will sense an 
impending failure or degradation, adjust the compressor operation accordingly, and warn 
the user that scheduled maintenance maintenance is required. 

The following is a list of compressor failure modes and symptoms that will be addressed by 
theRCPM. 



Details on the algorithms anq^control actions will be documented in the functional 
specification, • F 



Failure Mode 



Or Symptom 



High Pressure 
Protection 



Motor Overheating I 



Oil Breakdown 



Refrigerant 
Breakdown 



Motor Overhead ng2 



Freeze Up 



Description 



This is a safety control 
(mechanical orclcciricalMARl. 
ANSI, ASHRAE 1 5-1978]: | : : 



Protects motor agai nst "| ! 
overheating effects sensed on; 
the high temperature side \- 
which lead to lack of 
lubrication. 



Protects against loss of moto 
lubrication when oil pressiftps 
low. 

Protects motor against high 
temperatures due to freeze up; 
effects sensed on the low 
pressure side. 



Possible Control Action(s) 



Turn off the compressor if the ^ 
discharge pressure exceeds a 
threshold value, operator resets 
necessary. 



Shuts compressor motor off. 

Modulate refrigerant injection over 
motor to cool it. 



Shut compressor motor off. 



Seosorfr) Required 



Compressor Discharge 
Pressure 



Compressor Discharge 
Temperature 



Oil Pressure 



Compressor Suction 
Pressure 
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Failure Mode 
Or Symptom 



Motor Overheadng3 



Description 



TTT 

,-i 



Refrigerant Loss 



Slugging 



Protects against loss of rftotor 
lubrication when oil is uio cold 
(viscous). I: 



Possible Control AcrJbn(s) 



Turn on oil heater 



Protects against low refrigerant 
charge and refrigerant ibSs 
which could overheat motor. 



Floodback 



Flooded Scan 



Motor Temperature 



Crankcasc Heater 
Failure 



Short term liquid Input tja the 
compressor usually happens 
right after stanup due totliquid 
settling in the evaporato ri or 
due to poor EXV control 



Continuous liquid In the|- 
suction gas due to loss eft load, 
excessive refrigerant charge, 
improper evaporator I 
entry. 



When a large volumsoftV 
refrigerant accumulates in the 
crankcase or oil sumpal? 
shutdown it dilutes the <jlil. 
This happens because afr 
shutdown the compressor is the 
coldest (lowest) point irj-the 
system. 



Protects motor windwg4;and 
bearings from high tem|fcraiure 
effects. 



Trie crankcase heater is 
energized whenever 
compressor is off 



Table 1: 



Shut off compressor. 



Turn on warning Light or alarm. 
Record fault In memory: ~T 

Shut down motor if excessive. 



Tum on warning light or alarm. 
Record fault in memory. 

Shut down motor if excessive. 



Turn of crankcase heater. 

Monitor crankcase heater turrem 
and display wanning light/alarm 
when heater fails. 5 r 



Shuts motor off when a high 
temperature threshold is exceeded. 



Warning light is displayed or alarm 
activated. : 



Seaaorts) Requi 



Compressor Dischare 
Temperature. 

Compressor suction 
temperature. 




Return Gas (Suction) 
Pressure 



Suction Pressure 

Return Gas 
Temperature 

Discharge Temperature 



Suction Pressure 

ReiumGas 
Temperature 

Discharge Temperature 



Return Gas 
Temperature 

Discharge Temperature 



Compressor Discharge 
Temperature 



Crankcasc heater 
current sensor. 



Nummary of Protection Controls 



t3i 



Because failures are not uniquely tied 
concluded using different sensors 
six sensors, Compressor 
Pressure, Compressor Suction Pressure 



sensors, in Table 1 they are numbered when the same failure mode can be 
Fortexample, Table 1 shows that Motor Overheating can be concluded from up to 
Discharge Temperature, Compressor discharge Temperature, Oil Temperarture, Oil 
Sump (oil) Temperature. 
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Specific Failures 

The above listed failure modes an||pptential control actionSare designed to reduce the failure 
rate of the following compressor pips: 



5fr 



Main bearings 
Crankshaft 
Head Gasket 
Discharge Valve 
Suction Valve 
Motor 

Connecting Rods 

Detailed algorithms and failure moifes will be listed in the functional specification. 



Output Control 

The RCPM has the following|control functions: 
Triac Outputs 

1) CR1 

2) CR2 

3) Liquid injection 

4) Crankcase heater ON/0FF 

5) Alarm 

6) Unloader 1 

7) Unloader 2 



Winding Type 

The RCPM must be able to Handle a normal or a part load winding. 
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Diagnostics 

The RCPM will contain 8K non-volatile>nSASoVwhich can be accessed via CCN 
communication in the evept of a compressor shutdown or failure. The operational data 
must be saved to assist in diagnosing the problem. The exact method and timing of data 
storage will be defined in the functional specification. Fault conditions must be saved in 
EEPROM for later revrievjal. 



• =:: 

■I' i 

d. -£ 
Display/ Human Interface 

The RCPM will be designed to interface with a human interface which would consist of LED 
digits, LEDs.and buttons. This interface will allow the user to monitor compressor 
operational status, monitor compressor output status, monitor compressor input values, 
and to setup configuration values. 

The human Interface will Le directly driven by the BCPM. It will have 3 eight segment 
LEDs, 3 push buttons, anp 1 8 individual LEDs. 

L 

Operating Status: : 

r: 

Status will be indicated W LEDs next to a list of faults. When a fault occurs, the LED next 
to its name will light up to^indicate the fault. 

The following categories will be listed as operating status: 



Overcurrent 
Hi Pressure 
Lo Pressure 
Oil Pressure 
Floodback 
Motor Temp 
Crankcase H 



er 
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Setup/Configuration: : .jjj 

Configuration is to be set using LED displays and push button switches. The user will use 
one button to select the corfigurable item and the other two buttons to increase or 
decrease the value. The configurable item will be indicated by an LED next to its name. 
The 3 digit LED display wilt-indicate the present valu& of the selected item. A coded 
sequence of keystrokes could be required to access configuration. 




The following items will be configurable: 



D 
2) 
3) 
4) 
5) 
6) 



Part Load winding ON orjOFF 
High Pressure setting 
Low Pressure setting — 
Refrigerant Type Selection 



(Default OFF) 
(Default lowest setting) 
(Default highesfsetting) 



(Default R22) 
(Defualt OFF) 
(Defualt OFF) 



Unloader 1 pressure 
Unloader 2 pressure 



Outputs: 



I 



2) CR2 

3) Liquid Injection 

4) Alarm 

5) Unloader 1 




6) Unloader 2 
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The following inputs wilUbp monitored: 

1) Discharge Temperature; 

2) Return Gas Tempertur| 

3) Discharge Pressure 

4) Suction Pressure 

5) Oil Pressure 

6) Communication Status 
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Option CCN/LON Interface 

The RCPM will have an optional communication module interface which will allow control 
via CCN or LON communication. Hardware will be[capable of controlling and connecting to 
an external CCN or LON Module. Software will allpw CCN communication at first 
production. Software toniranage LON communication is a future option and not part of this 
program. "i[ 



OCT 05'00 10:22 FR CARR I ER -kEGHL 



4 I I VU 



M UNITED 

POT TECHNOLOGIES 

iuJ CARRIER 


SPECIFICATION NO. 

CE-DR-98-3017 


' REV. 


PAGE NO. 


"> . - 


1 

A 


10 /sf on 
1 2 OT 20 



1.6. References 



r 



Carrier Procedures ! 

IDS lntegrate| Development System ] 

Carrier Reliability Requirements 

CC14FF003 Hi-Pot7Uakage Testing Standard Procedure 

CC14AC002 Tempera|ure/Humidity/Life Stress Testing Standard Procedure 
CC15BF002 VibrationlLTesting Standard Procedure 

CC15FF001 Shock T|sting Standard Procedure 

CC15DF003 Corrosion test 

Agency Requirements 

96/336/CEE CE Electromagnetic Compatibility 
73/23/EEC CE Low Voltage; Directive 
UL1998 Software for Safety device 
UL 873 Temperature indicating and regulating equipment 

T T 

IEC EMC Requirements j 
EN500B1 Europeajf? Norm, Immunity 

Europeap Norm, Emissions 
Electrostatic Discharge Immunity 
Electricali Fast Transient Immunity 
High Energy Transient Immunity 
Voltagerfiip immunity 
Permanent Magnetic Field 
Radio Frequency Immunity 
Modulating Electromagnetic Field; 
Electrorrfagnetic Disturbances Emitted 
Harmonijc & voltage fluctuation immunity 



EN50082 
EN 61000-4-2 
EN 61000-4-4 
EN 61000-4-5 
EN 61000-4-11 
ENV 50140 
ENV 50141 
ENV 50204 
EN55022B 
EN60555 



Carrier EMC Requirements 
CC15GF001 Radio Fijeq 

CC15GF002 Electrostet 
CC15GF003 ElectricaH 



^uency Compatibility Standard Procedure 
..ic Discharge Testing Standard Procedure 
Transient Susceptibility Testing Standard Procedure 
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2, SYSTEM CONTROL FUNCTIONS AND REQUIREMENTS 



2.1. General 

The RCPM is a printed cii 
sheet metal screws. Th ""' 



irfcuit board module that is^asily attached to a control box with 
iit operates froml 15,208|or 230VAC. It is a microcontroller 



based intelligent modul 
data. It will monitor thei 
protective, diagnostic, an 
used for ON/OFF control 
remote communication in 



_.jh electrically erasable^ifemory for setpoints and diagnostic 
5stors and pressure transucers. It will offer a variety of 
[prognostic algorithms. There are triac outputs which can be 
if motors, valves, and alarms. It can be configured using a 
rface. 



2.2. Hardware 



Power supply 



The RCPM shall -b&able to operate at 1 15VfiC or 208VAC or 230VAC with a 
frequency of SOHZjpr 60H2. The full power Supply range will be 100VAC to 
265VAC. A fuse pfPTC will be required to limit current. 

The RCPM will operate on a 3 wire power supply. One wire will be common. One 
wire will be continuous power. The third wire is energized when the compressor is 
commanded to staj. The RCPM will derive jts operating power from Continuous 
power and comCTWK^TRe RCPM wnPmontfejpre^art power line and energize the 
compressor wherfiijs.line is energized. 



Continuous Power] 



Start Power 
Common 



Crankcase Oil Heater current input 

The Crankcase heater output of the RCPM will be current monitored. A CT will be 
placed on board toraetect current flowing to -the Crankcase heater. This isolated 
input will be monitored by the RCPM, The accuracy of the CT is not important and 
will simply detect Iff bur-rent is above or below a determined threshold value. 

If no crankcase heater is not installed or is powered separately the unit will continue 

to operate but the Ineater warning light will always be on. 

...a 'it 
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Thermistor Inputs I. 

The RCPM will have 2 thermistor inputs requiring 2 wires each. 

Thermistors will be aiandard 5K @ 25°C type. 

Required resolution w II be 0.5°C 

Shielded wiring is NQf required. 



Thermistor usage: 

- Discharge 

- Return Gas 



r- . cr: 



Pressure transducer Inputs 



The RCPM will have | pressure transducer inputs requiring 3 wires each. 
Each pressure transducer will have a power input, signal output, and ground wire. 
5V must be supplied to each pressure transducer @ 20mA each. 
Required resolution isp.5 PSIG 
Shielded wiring is NOT required. 
Pressure Transducer jUsage: 

- Suction 
• Discharge 

- Oil Discharge 

I: 
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Discrete outputs \ 

The RCPM shall hafe 8 discrete outputs. The discrete outputs can be triacs or relays 
as long as they me# the requirements. CR1| and CR2 will share a common return 
and connect to the main control box. Alarm will be a two wire connection to the main 
control box. Liquid Injection, heater, unloaded 1 , and unloader 2 will each consist of 
a two wire connection to these items on the compressor. Therefore 5 wires will 
leave the RCPM to jfrie control box and 8 wires will conect to items on the 
compressor. 



-err 



Discrete Output Usagej; 
Usage 



Voltage Current Inrush Power Factor Cycles 



1) 


CR1 


115-230 


1.2A 


20A 


0.30 


1,000.000 


2) 


CR2 


115-230 


0.75A 


20A 


0.30 


1,000,000 


3) 


Liquid Injection . 


1 115-230 


0.22A 


0.7|A 


0.50 


1,000,000 


4) 


Crankcase Heater* 


jj 11 5-230 


2.0A 


2.0A 


1.00 


1,000.000 


5) 


Unloader 1 


h 15-230 


0.22A 


0.7#A 


0.50 


1,000,000 


6) 


Unloader 2 


; 115-230 


0.22A 


0.75A 


0.50 


1,000.000 


7) 


Alarm 


115-230 


0.22 


0.75A 


1.00 


100.000 



• The crankcase oil he ater output will pass through an onboard CT to allow current 
monitoring. 



Indicator Lights 

The RCPM will have 1 indicator LED on thejPCB. 



Power/Activilty 

This activity light is 
by customers. 



Ifor use by service personnel only. They don't need to be viewed 



Red 
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Optional CCNA.ON Interfac^,. 

A 15 pin option interface will be required. An optional CCN or LON communication 
module could be coneited to the RCPM at this port 5V power and ground would be 
supplied to this option |nodule. 

Hardware to support trlis option will be available;^ initial production. Software to 
support CCN will be available at first production; Software to support LON modules 
will be added at a latSifdate as a separate program. 

: i-. i ■ 

The optional module slould require no special tpols to insert other than a screw 
driver. Option module 'connector must meet vibration requirements. 



Microcontroller 

The RCPM will requirejintelligent control using a microcontroller which must be 
capable of monitoring^all inputs and appropriate controlling all outputs in the 
allotted timeframe. Thjl. unit must also be ableio handle storage to EEPROM and 
communication interface. \. 



Non-volatile memory | 

The unit will require electrically erasable PROM. This non-volatile memory is used 
for saving configuration information and diagnostic information. In the event of a 
failure, the EEPROM memory can be retrieved Shd diagnostic data reviewed. Data 
to be saved will be listed in functional specification. 
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2.3. Software 

The RCPM will be classified as a UL safety device ■ All code will be compliant with UL1998. 

Software will be embedded in the device at manufacture. It should be well organized, 
modular, and portable, j- 

I; 

All compressor protectionfalgorithms will be contained in the software. 

The software must be abl| to fully monitor inputs, determine any of these fault 
conditions, and shut off outputs within 250mS maximum. 

The exact nature of these^ algorithms and the timing requirements will be defined in the 
Carrier Electronics Functional Specification CE-FS-98-3026. 
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^ RELIABILITY REQUIREMENTS 

The control will be in compliance with Carrier reliability; standards. 

The unit shall be designed for a 15 year life operating at 8760 hrs/year. 
First year failure rate v f 0.5% (5000 PPM) ! 
Long term failure rate f 0.2% (2000 PPM) ! 
Units functioning after 1 5 yeajrs 94% 

The unit shall be tested in accordance with the following list of Carrier Electronics Reliability 
Procedures: l 



CC14FF003 
CC14AC002 
CC15BF002 
CC15FF001 



Hi-Pot/Leakjage Testing Standard Procedure 
Temperatuff/Humidity/Life Stress Testing Standard Procedure 
Vibration Testing Standard Procedure 
Shock Testing Standard Procedure " 



Temperature Operating":" f -20 to 70 degrees C 



Storage: 



I: 



Humidity 



Vibration 



-40 to 85 degrees C 



Operating: ; 10 to 95% without condensation 



Storage: | 10 to 95% with condensation 



Operating: 



in all planes/directions, : i .5G @ 20 to 300 HZ. 



Machine Environment: 1.5G @ 300HZ extended time. TBD 



Shock 



Operating: 
Storage: 



A reliability test plan and report 
All components shall be tested 



5G Peak in all planes/directions, 11ms. 
100G Peak in all planes/directions, 1 1ms, 



irt will be required, 
to Carrier reliability requirements. 
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4. i=i crTPnMAfiNETIC C OMPATIBILITY REQUIREMENTS 



The RCPM shall be tested; to ihe following Carrier and IEC requirements to insure a 
globally compliant module! 

This module will be testedfto the following standards and will be classified as a 
Heavy Industrial Device! 



CC15GF001 
CC15GF002 
CC15GF003 

Standard. ._ 



1 

Radid Frequency Compatibility Standard Procedure 
Electrostatic Discharge Testing Standard Procedure 
Electrical Transient Susceptibility Testing Standard Procedure 



Description 



EN 61000-4-2 
EN 61000-4-4 
EN 61000-4-5 
EN 61000-4-11 
ENV 50140 
ENV 50141 
ENV 50204 
EN55022B 
EN60555 



Electrostatic 
Electrical Fast 
High Energy 
Voltage dip 
Permanent 
Radio 
Modulating 
Electromagnetic 
Harmonic &ycfeage 



immunity 
: Mag 



Required Level 



D scharge Immunity 
Transient Immunity 
Transient Immunity 
ity 

netic Field 
Frequency Immunity 

Electromagnetic Field 
Disturbances Emitted 
fluctuation emiss 



8KV Contact 16KVair 
4KV Power 2KV I/O 
4KV Power 2KV I/O 
30% 10ms 60%100ms 
10WM 80-1000MHZ 
10V: EFF 0.1S-80MHZ 
10V/M 900MHZ 
Class Bat 10M 
Class B at 10M 
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5. 



PHYSICAL REQUIREMENT^ 

The RCPM must be made as Small as possible and must be mountable to a compressor. 



Maximum Length: 
Maximum Width: 
Maximum Height: 



6.5 inbhes 
4.5in|hes 
3 indices 



The box will be metal paintedjgray. Knockouts to fit standard conduit will be on the bottom. 

The cover will be removable |/ith captive screws. A hinged cover is preferred but not 
required. ? -f" "" : 



Mounting: 
Connectors: 
Connector Keying: 



The RCPM will be mountable to the compressor. The back of the 
box v|ill hold a standard bracket for mounting. 

: . r.l. \ 

All connectors on the board must be able to wires and will be 
screvji tight type. 

Cohnjlctors must be arranged such that high voltage I/O have 
connfictors which CANNOT fit into low voltage I/O. This will 
minimize damage due to miswiring. 



Connector Spacing: Must ?neet UL and NEC spacirjg requirements 



6. AGENCY AND nEGULATQl p APPROVALS 



The RCPM will be classified Is a SAFETY DEVICE ank as a REFRIGERATION 

... : 

:' i : 

, t 
i 1. 

jevice 



CONTROLLER. 
UL 873 Temperature Re 
UL 1 998 Software for sat 
(CSA or CUL equivalent apgi 



1: 

; i. 

.ifL'J : 

11 



iting Equipment 
ievice 
avals will be required) 
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